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(54) Circuit for and method of driving current-driven device 



(57) Drive circuits are incorporated in an active ma- 
trix image display apparatus and drive current-driven 
devices such as organic EL (electroluminescent) ele- 
ments. Each of the drive circuits includes a drive tran- 
sistor for driving the current-driven device and an auxil- 
iary transistor connected parallel to the drive transistor 
and having a current driving capability which is n times 
the current driving capability of the drive transistor. In a 



portion (accelerated period) of a selected period, a drain 
current flows into the auxiliary transistor and a signal 
current flowing through a signal line, which represents 
a current to flow into the current-driven device, is (n + 
1 ) times a normal value. As a result, the effect of para- 
sitic capacitors connected to signal lines is reduced, al- 
lowing the current-driven devices to be driven with an 
appropriate drive current even when signal currents are 
very small. 
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Description 

BACKGROUND OF THE INVENTION: 

1. Field of the Invention: 

[0001] The present invention relates to a circuit for 
and a method of driving a current-driven device such as 
an organic EL (electroluminescent) element, and more 
particularly to an image display apparatus which incor- 
porates such driving circuits and employs current-driven 
devices as light-emitting elements. 

2. Description of the Related Art: 

[0002] In recent years, attention has been attracted to 
image display apparatus which employ current-driven 
light-emitting devices such as organic EL elements, for 
use in computer output devices and cellular phones. 
The organic EL elements, which are also referred to as 
organic light-emitting diodes, are advantageous in that 
they can be driven with a direct current (dc). If organic 
EL elements are used in an image display apparatus, 
then they are generally arranged as respective pixels in 
a matrix on a substrate, providing a display panel. At- 
tempts have been made to construct the image display 
apparatus in an active matrix configuration in which the 
organic EL elements of the respective pixels are driven 
by TFTs (thin-film transistors), which have a MOS (metal 
oxide semiconductor) transistor structure, formed on the 
substrate. 

[0003] Since the organic EL elements are current- 
driven devices, if they are driven by TFTs in an image 
display apparatus, then the image display apparatus 
cannot use the same circuit arrangement as an active 
matrix liquid crystal image display apparatus which em- 
ploys liquid crystal cells that are voltage-driven devices. 
Heretofore, there has been proposed an active matrix 
drive circuit having organic EL elements and TFTs con- 
nected in series with each other and inserted between 
a power supply line and a ground line, with control volt- 
age being applicable to the gates of the TFTs, holding 
capacitors connected to the gates of the TFTs for hold- 
ing the control voltage, and switch elements disposed 
between a signal line for applying the control voltage to 
the pixels and the TFTs. In the proposed active matrix 
drive circuit, the control voltage for the pixels is output- 
ted on the signal line in a time-division multiplexed man- 
ner, and the switch elements are controlled so as to be 
rendered conductive only when the control voltage is 
outputted to the corresponding pixels. As a result, when 
a switch element is rendered conductive, the control 
voltage is applied to the gate of the corresponding TFT, 
causing a. current depending on the control voltage to 
flow through the organic EL element and charging the 
holding capacitor with the control voltage. When the 
switch element is then rendered nonconductive, the 
holding capacitor keeps on applying the control voltage 



to the gate of the TFT, continuously causing the current 
depending on the control voltage to flow through the or- 
ganic EL element. 

[0004] Gazette WO 99/6501 1 discloses a drive circuit 
5 having the above circuit arrangement which is suitable 
for driving current-driven devices such as organic EL el- 
ements. FIG. 1 shows the drive circuit disclosed in WO 
99/65011. Though n-channel MOS FETs (field effect 
transistors) are used as drive transistors for driving the 
current-driven devices (organic EL elements) in a com- 
mon cathode configuration in WO 99/65011, p-channel 
MOS FETs are used as drive transistors for driving the 
current-driven devices in a common anode configura- 
tion in FIG. 1. 

[0005] The drive circuit shown in FIG. 1 has power 
supply line 1 and ground line 2, and drive transistor 7 as 
a p-channel MOS FET having a source connected to 
power supply line 1. Holding capacitor 6 is connected 
between power supply line 1 and the gate of drive tran- 
sistor 7, which is connected to one end of a switch ele- 
ment 9. The drain of drive transistor 7 is connected to 
the other end of the switch element 9 and an end of 
switch element 10 whose other end is connected to the 
anode of current-driven device 11 . The cathode of cur- 
rent-driven device 11 is connected to ground line 2. A 
current flowing from drive transistor 7 into current-driven 
device 11, i.e., a drive current, is represented by l drv . 
[0006] Signal line 3 is provided in order to indicate the 
drive current l drv to flow into current-driven device 11. 
Signal line 3 is connected to an end of switch element 
8 whose other end is connected to the drain of drive tran- 
sistor 7. A current flowing through signal line 3 is repre- 
sented by l jn . 

[0007] Switch elements 8 through 10 are turned on 
and off depending on external control signals, and com- 
prise MOS FETs, for example. Control signals for switch 
elements 8 through 1 0 are generated by a control signal 
generating circuit, not shown, and supplied from output 
terminals of the control signal generating circuit through 
control lines, not shown, to switch elements 8 through 
10. If switch elements 8 through 10 comprise MOS 
FETs, then control signals therefor are binary signals 
electrically representing a ground potential or a power 
supply potential, and applied to the gates of the MOS 
FETs. 

[0008] The drive circuit shown in FIG. 1 is a circuit for 
driving one pixel, i.e., one current-driven device 11. If an 
image display apparatus comprises organic EL ele- 
ments used as current-driven devices 11, then current- 
driven devices 11 are arranged in a matrix as described 
above, and the drive circuit shown in FIG. 1 , particularly 
a circuit enclosed by the broken line, is associated with 
each of current-driven devices 11. Power supply line 1 
and ground line 2 are provided commonly for each drive 
circuit, and signal line 3 is provided commonly for each 
vertical array of drive circuits, i.e., a column of drive cir- 
cuits. The control lines are provided commonly for each 
horizontal array of drive circuits, i.e., a row of drive cir- 
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cuits. 

[0009] The current-driven devices and the drive cir- 
cuits thus arranged in a matrix make up an active matrix 
image display apparatus. Because of structural features 
of the drive circuits and the image display apparatus, 
each signal line 3 extends across the control lines for 
controlling switch elements 8 through 10 and power sup- 
ply lines 1 and ground lines 2, with an insulating layer 
interposed therebetween, and parasitic capacitors are 
produced in regions at the points of intersection where 
signal line 3 traverses the control lines, power supply 
lines 1 , and ground lines 2. If the current-driven devices 
11 comprise organic EL elements, then the regions 
where the cathodes of current-driven devices 11 con- 
nected to ground line 2 cross signal lines 3 have a large 
area, and parasitic capacitors produced in those regions 
are not negligible. As a result, as shown in FIG. 1, an 
equivalent parasitic capacitor is formed between signal 
line 3 and power supply line 1 , and another equivalent 
parasitic capacitor is formed between signal line 3 and 
ground line 2. The capacitance of each of these equiv- 
alent parasitic capacitors depend on the number of pix- 
els and the structure of the image display apparatus, 
and may, for example, be at least 10 times the capaci- 
tance of holding capacitor 6 at each pixel. 
[0010] Operation of the conventional drive circuit 
shown in FIG. 1 will be described below. It is assumed 
for the description of operation that a number of current- 
driven devices 11 are arranged in a matrix and com- 
bined with respective drive circuits. 
[001 1] The control signal generating circuit generates 
control signals for successively selecting rows of drive 
circuits one at a time, and supplies the control signals 
to switch elements 8 through 10 of the drive circuits 
through the control lines. In synchronism with the control 
signals, a signal current l jn is supplied to signal lines 3 
for the drive circuits belonging to the selected rows. As 
a result, the signal current l in flows into drive transistors 
7 of the drive circuits in the selected rows, and corre- 
sponding holding capacitors 6 hold a potential depend- 
ing on signal current l in . When those drive circuits are 
unselected because the control signals select a next row 
of drive circuits, the drive circuits keep driving respective 
current-driven devices 11 with the same drive current 
l drv as the signal current l in . 

[001 2] FIG. 2 shows a timing chart of operation of the 
drive circuits. First, details of operation of the drive cir- 
cuits in a selected period will be described below. 
[0013] When a certain row of drive circuits enters a 
selected period, switch elements 8, 9 are rendered con- 
ductive (i.e., ON state) and switch element 10 is ren- 
dered nonconductive (i.e., OFF state). A certain shorter 
period in the leading end of the selected period serves 
a reset period, and during the reset period, the potential 
of signal line 3 is preferably held at the power supply 
potential, and the potential of signal line 3 and the po- 
tential of drive transistor 7 are preferably reset to the 
power supply potential. After elapse of the reset period, 



a signal current l in which is equal to a current to flow into 
current-driven device 11 is supplied'to signal line 3. The 
signal current l in may be supplied to signal line 3 during 
the reset period. 

5 [0014] In the illustrated example, the signal current l in 
represents the sum of a drain current flowing from the 
drain of drive transistor 7 toward signal line 3, a current 
flowing to charge parasitic capacitor 4 and holding ca- 
pacitor 6, and a current discharged from parasitic ca- 

10 pacitor 5. When the reset period is over and the signal 
current l in starts to flow, the signal current l jn charges 
parasitic capacitor 4 and holding capacitor 6, parasitic 
capacitors is discharged, and the gate potential of drive 
transistor 7 is gradually lowered until finally a gate-to- 

15 source potential corresponding to a drain current equal 
to the signal current l in is developed on drive transistor 7. 
[0015] If the signal current l in is sufficiently large, then 
since parasitic capacitor 4 and holding capacitor 6 are 
charged and parasitic capacitor 5 is discharged quickly, 

20 the drain current from drive transistor 7 reaches the sig- 
nal current l in during the selected period, and the voltage 
across holding capacitor 6 reaches a value to produce 
a drain current equal to the signal current l in . If the signal 
current l jn is small, then the charging of parasitic capac- 

25 itor 4 and holding capacitor 6 and the discharging of par- 
asitic capacitor 5 are not completed during the selected 
period. Therefore, the drain current from drive transistor 
7 does not reach the signal current l in , and the gate-to- 
source potential of drive transistor 7 does not reach a 

30 value corresponding to a drain current equal to the sig- 
nal current l in . 

[0016] When the selected period is over and an un- 
selected period is reached, switch elements 8, 9 are ren- 
dered nonconductive and switch element 1 0 is rendered 

35 conductive at the start of the unselected period. As a 
result, drive transistor 7 supplies the drive current l drv to 
current-driven device 11 . As the gate of drive transistor 
7 is disconnected from signal line 3, the gate potential 
of drive transistor 7 is held at a value determined imme- 

40 diately before the unselected period is reached, by the 
action of holding capacitor 6. If the signal current l jn in 
the selected period has been sufficiently large, then 
since the gate potential of drive transistor 6 has been 
determined at a value corresponding to a drain current 

45 equal to the signal current l jn , a drive current l drv equal 
to the signal current l in continuously flows into current- 
driven device 11. Therefore, the relationship l in = l drv is 
satisfied. Conversely, if the signal current l jn in the se- 
lected period has been small, then since the gate po- 

50 tential of drive transistor 6 has not reached a value to 
supply a drain current equal to the signal current l jn , a 
drive current l drv different from the signal current l in con- 
tinuously flows into current-driven device 11 . Therefore, 
the relationship l ln * l drv is satisfied. 

55 [0017] FIG. 3 shows the relationship between the sig- 
nal current (input signal) l in and the drive current l drv in 
the drive circuit shown in FIG. 1 . If current-driven devic- 
es 11 comprise organic EL elements, then the graph 
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represents the relationship between signal current l in 
that is input and the luminance. In FIG. 3, an ideal rela- 
tionship is indicated by the broken-line curve, and an 
actual relationship between the signal current and the 
drive current by the solid-line curve. It can be seen from 5 
FIG. 3 that the conventional drive circuit is unable to pro- 
vide a drive current corresponding to signal current l jn 
in a region where signal current l in is small. 
[001 8] As described above, the conventional drive cir- 
cuit cannot provide a desired drive current when the in- 
put signal (signal current) is small because of the times 
required to charge and discharge the parasitic capaci- 
tors and the holding capacitor. If the conventional drive 
circuit is incorporated in an image display apparatus, 
then the image display apparatus fails to provide a de- 
sired level of luminance. Particularly if the conventional 
drive circuit is incorporated in an image display appara- 
tus using organic EL elements, then because a current 
flowing into an organic EL element corresponding to 
each pixel is very small, images displayed by the image 
display apparatus are liable to deteriorate, and the lu- 
minance controllability thereof is lowered. 

SUMMARY OF THE INVENTION: 

[001 9] It is therefore an object of the present invention 
to provide a drive circuit which is suitable for active ma- 
trix driving and is able to output an appropriate drive cur- 
rent even when a signal current (input signal) is very 
small. 

[0020] Another object of the present invention to pro- 
vide a driving method which lends itself to an active ma- 
trix drive process and is capable of outputting an appro- 
priate drive current even when a signal current (input 
signal) is very small. 

[0021] Still another object of the present invention to 
provide an active matrix image display apparatus for 
driving current-driven light-emitting devices with an ap- 
propriate drive current even when an input signal is very 
small. 

[0022] The first object can be achieved by a drive cir- 
cuit for driving a current-driven device, comprising: a 
signal line for passing therethrough a signal current cor- 
responding to a drive current of the current-driven de- 
vice; a drive transistor having a gate, a drain, and a 
source connected to a power supply line; a holding ca- 
pacitor connected between the power supply line and 
the gate of the drive transistor; a first switch element for 
connecting the signal line and the drain of the drive tran- 
sistor to each other; a second switch element for con- 
necting the gate and drain of the drive transistor to each 
other; a third switch element for connecting the drain of 
the drive transistor and an end of the current-driven de- 
vice to each other; an auxiliary transistor having a gate 
connected to the gate of the drive transistor, a source 
connected to the source of the drive transistor, and a 
drain connected to the drain of the drive transistor; and 
a fourth switch element for turning on and off a source- 



to-drain current of the auxiliary transistor. 
[0023] The second object can be achieved by a meth- 
od of driving a current-driven device, comprising the 
steps of: providing a drive circuit according to the 
present invention; alternately establishing a selected 
period in which the current-driven device is selected and 
a signal current for the current-driven device is passed 
through the signal line, and an unselected period in 
which the current-driven device is not selected; keeping 
the first, second, and fourth switch element nonconduc- 
tive and keeping the third switch element conductive in 
the unselected period; rendering the first and second 
switch elements conductive and rendering the third 
switch element nonconductive when the unselected pe- 
riod changes to the selected period; establishing an ac- 
celerated period in the selected period, and rendering 
the fourth switch element conductive and making the 
magnitude of the signal current flowing through the sig- 
nal line (n + 1) times a normal value in the accelerated 
period where n represents the ratio of a current driving 
capability of the auxiliary transistor to a current driving 
capability of the drive transistor; and holding the fourth 
switch element nonconductive and returning the magni- 
tude of the signal current to the normal value after the 
accelerated period is finished until the selected period 
is finished. 

[0024] The third object can be achieved by an image 
display apparatus comprising: a matrix of light-emitting 
devices for emitting light when driven by a current, the 
light-emitting devices being associated with respective 
pixels; a plurality of signal lines provided in respective 
columns of the pixels for supplying signal currents cor- 
responding to drive currents for the light-emitting devic- 
es associated with selected ones of the pixels; and a 
plurality of control lines provided in respective rows of 
the pixels for transmitting control signals; each of the 
pixels comprising: a drive transistor having a gate, a 
drain, and a source connected to a power supply line; a 
holding capacitor connected between the power supply 
line and the gate of the drive transistor; a first switch 
element for connecting the signal line and the drain of 
the drive transistor to each other depending on the con- 
trol signal; a second switch element for connecting the 
gate and drain of the drive transistor to each other de- 
pending on the control signal; a third switch element 
connecting the drain of the drive transistor and an end 
of the light-emitting device to each other depending on 
the control signal; an auxiliary transistor having a gate 
connected to the gate of the drive transistor, a source 
connected to the source of the drive transistor, and a 
drain connected to the drain of the drive transistor; and 
a fourth switch element for turning on and off a source- 
to-drain current of the auxiliary transistor depending on 
the control signal. 

[0025] With the above arrangement, the drive circuit 
includes a drive transistor for driving the current-driven 
device, and an auxiliary transistor connected parallel to 
the drive transistor and having a current driving capabil- 
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ity which is n times the current driving capability of the 
drive transistor. In a portion (accelerated period) of a se- 
lected period, a drain current flows into the auxiliary tran- 
sistor and a signal current flowing through a signal line, 
which represents a current to flow into the current-driven 5 
device, is (n + 1) times a normal value. As a conse- 
quence, the holding capacitor and parasitic capacitors 
are quickly charged and discharged, allowing the gate 
potential of the drive transistor to reach a predetermined 
potential reliably within the selected period. The current- 
driven device can thus be driven by an appropriate drive 
current even when the signal current (input signal) is 
very small. If the current-driven device comprises an or- 
ganic EL element, then the quality of a displayed image 
is prevented from being degraded because the organic 
EL element can be driven by an intended drive current. 
[0026] The above and other objects, features, and ad- 
vantages of the present invention will become apparent 
from the following description with reference to the ac- 
companying drawings which illustrate examples of the 
present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS: 
[0027] 

FIG. 1 is a circuit diagram of an example of a con- 
ventional drive circuit; 

FIG. 2 is a timing chart showing operation of the 
drive circuit shown in FIG. 1 ; 
FIG. 3 is a graph showing the relationship between 
a signal current l in and a drive current l drv in the drive 
circuit shown in FIG. 1; 

FIG. 4 is a circuit diagram of a drive circuit according 
to a first embodiment of the present invention; 
FIG. 5 is a circuit diagram of an image display ap- 
paratus which incorporates drive circuits shown in 
FIG. 4; 

FIG. 6 is a timing chart showing operation of the cir- 
cuit shown in FIGs. 4 and 5; 
FIG. 7 is a graph showing operation characteristics 
of a drive transistor and an auxiliary transistor con- 
nected parallel to the drive transistor; 
FIG. 8 is a graph showing the relationship between 
a signal current l in and a drive current l drv in the drive 
circuit shown in FIG, 4; 

FIG. 9 is a circuit diagram of a modification of the 
circuit shown in FIGS. 4 and 5; 
FIG. 10 is a timing chart showing operation of the 
circuit shown in FIG. 9; 

FIG. 11 is a circuit diagram of another modification 
of the circuit shown in FIG. 4; 
FIG. 1 2 is a circuit diagram of a drive circuit accord- 
ing to a second embodiment of the present inven- 
tion; 

FIG. 1 3 is a circuit diagram of an image display ap- 
paratus which incorporates drive circuits shown in 
FIG. 12; 



FIG. 14 is a timing chart showing operation of the 

circuit shown in FIGS. 12 and 13; 

FIG. 15 is a circuit diagram of a modification of the 

circuit shown in FIGS. 12 and 13; 

FIG. 16 is a timing chart showing operation of the 

circuit shown in FIG. 15; 

FIG. 17 is a circuit diagram of another modification 
of the circuit shown in FIG. 12; 
FIG. 1 8 is a circuit diagram of a drive circuit accord- 
ing to a third embodiment of the present invention; 
FIG. 19 is a circuit diagram of an image display ap- 
paratus which incorporates drive circuits shown in 
FIG. 18; 

FIG. 20 is a timing chart showing operation of the 

circuit shown in FIGS. 18 and 19; 

FIG. 21 is a circuit diagram of a modification of the 

circuit shown in FIGS. 18 and 19; 

FIG. 22 is a timing chart showing operation of the 

circuit shown in FIG. 21 ; and 

FIG. 23 is a circuit diagram of another modification 

of the circuit shown in FIG. 18. 

DETAILED DESCRIPTION OF THE INVENTION: 

[0028] FIG. 4 shows a drive circuit according to a first 
embodiment of the present invention, which differs from 
the conventional drive circuit shown in FIG. 1 in that an 
auxiliary transistor 12 is connected parallel to a drive 
transistor 7 and a switch element 13 is connected to the 
auxiliary transistor 12 for turning on and off a drain cur- 
rent of the auxiliary transistor 12. Those parts shown in 
FIG. 4 which are identical to those shown in FIG. 1 are 
denoted by identical reference characters. 
[0029] In the drive circuit shown in FIG. 4, drive tran- 
sistor 7 as a p-channel MOS FET has a source connect- 
ed to power supply line 1. Holding capacitor 6 is con- 
nected between power supply line 1 and the gate of 
drive transistor 7, which is connected to one end of 
switch element 9. The drain of drive transistor 7 is con- 
nected to the other end of the switch element 9 and an 
end of a switch element 10 whose other end is connect- 
ed to the anode of current-driven device 1 1 . The cathode 
of current-driven device 11 is connected to ground line 
2. A current flowing from drive transistor 7 into current- 
driven device 11, i.e., a drive current, is represented by 

'drv- 

[0030] Auxiliary transistor 12 comprises a p-channel 
MOS transistor as with drive transistor 7. However, aux- 
iliary transistor 12 has such characteristics that when 
the same gate-to-source voltage is applied to auxiliary 
transistor 12, auxiliary transistor 12 produces a drain 
current which is n times the drain current of drive tran- 
sistor 7. Thus, auxiliary transistor 12 has a current driv- 
ing capability which is n times that of drive transistor 7 
where n has no upper limit and is determined depending 
on the minimum value of the signal current l jn , the ca- 
pacitance of each of holding capacitor 6 and parasitic 
capacitors 4, 5, and the duration of the selected period. 
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Typically, n should preferably be 5 or greater. However, 
an extremely large value of n is not preferable as it would 
make too large an area taken up by auxiliary transistor 
12 and would result in an increase in power consump- 
tion thereof. 

[0031] Drive transistor 7 and auxiliary transistor 12 
may be fabricated on the same semiconductor substrate 
according to the same semiconductor fabrication proc- 
ess such that auxiliary transistor 12 has a channel length 
which is the same as drive transistor 7 and a channel 
width which is n times the drive transistor 7. Alternative- 
ly, if n is an integer, then n transistors, each having the 
same dimensions as drive transistor 7, may be fabricat- 
ed, and the drains, gates, and sources of the n transis- 
tors may be connected to each other, virtually providing 
single auxiliary transistor 12. Auxiliary transistor 12 has 
a source connected to power supply line 1 , a gate con- 
nected to the gate of drive transistor 7, and a drain con- 
nected to one end of switch element 1 3 whose other end 
is connected to the drain of drive transistor 7. 
[0032] Since switch element 1 3 serves to turn on and 
off the drain current of the auxiliary transistor 1 2, it may 
be connected between power supply line 1 and the 
source of auxiliary transistor 12. However, if switch ele- 
ment 13 comprises a MOS FET, then since a voltage 
drop due to the on-resistance of switch element 13 af- 
fects operation of the drive circuit, it is preferable to po- 
sition switch element 1 3 remotely from the drain of aux- 
iliary transistor 12, i.e., power supply line 1. 
[0033] Signal line 3 is provided in order to indicate the 
drive current l drv to flow into current-driven device 11. 
Signal line 3 is connected to an end of switch element 
8 whose other end is connected to the drain of drive tran- 
sistor 7. A current flowing through signal line 3 is repre- 
sented by l in . 

[0034] Switch elements 8 through 10, 13 are turned 
on and off depending on external control signals, and 
comprise MOS FETs, for example. Control signals for 
switch elements 8 through 10, 13 are generated by a 
control signal generating circuit, not shown in FIG. 4, 
and supplied from output terminals of the control signal 
generating circuit through control lines, not shown, to 
switch elements 8 through 10, 13. If switch elements 8 
through 10, 13 comprise MOS FETs, then control sig- 
nals therefor are binary signals electrically representing 
a. ground potential or a power supply potential, and ap- 
plied to the gates of the MOS FETs. If switch elements 
8 through 10, 13 comprise MOS FETs, then it is deter- 
mined whether they are to be of the p-channel type or 
the n-channel type individually for each of switch ele- 
ments 8 through 10, 13. 

[0035] The drive circuit shown in FIG. 4 is a circuit for 
driving one pixel, i.e., one current-driven device 11 . If an 
image display apparatus comprises organic EL ele- 
ments used as current-driven devices 11, then current- 
driven devices 11 are arranged in a matrix as described 
above, and the drive circuit shown in FIG. 1 , particularly 
a circuit enclosed by the broken line, is associated with 



each of current-driven devices 11 . FIG. 5 shows an im- 
age display apparatus comprising a matrix of current- 
driven devices 11 each combined with a drive circuit. 
Usually, an image display apparatus has several hun- 
dred to several thousand pixels contained in each of ver- 
tical and horizontal arrays, the illustrated image display 
apparatus has two pixels in a vertical array x two pixels 
in a horizontal array. 

[0036] In the circuit arrangement shown in FIG. 5, 
drive transistors 7 and auxiliary transistors 12 are fabri- 
cated as thin-film transistors of the same conductivity 
type on the same semiconductor substrate. Switch ele- 
ments 8, 9 comprise p-channel MOS FETs, and switch 
elements 10, 13 comprise n-channel MOS FETs. Switch 
elements 8, 9 should preferably fabricated as thin-film 
transistors on the substrate. 

[0037] In this image display apparatus, power supply 
line 1 and ground line 2 are provided commonly for each 
row of drive circuits, and signal line 3 is provided com- 
monly for each vertical array of drive circuits, i.e., a col- 
umn of drive circuits. Signal current generating circuits 
21 are connected to respective ends of signal lines 3. In 
FIG. 5, signal current generating circuits 21 are connect- 
ed to respective lower ends of signal lines 3. Control sig- 
nal generating circuits 22 are connected to respective 
rows of drive circuits for generating control signals to be 
supplied to the drive circuits in the respective rows. 
[0038] Each of signal current generating circuits 21 
comprises signal source 23 connected to ground line 2 
for generating signal current l ln , signal source 24 con- 
nected to ground line 2 for generating a current n x l jn 
which is n times the signal current l in generated by signal 
source 23, and switch element 16 comprising an n- 
channel MOS FET or the like. Signal source 23 is con- 
nected directly to signal line 3, and signal source 24 is 
connected to signal line 3 through switch element 16. 
Control line 30 is provided for controlling switch element 
1 6. The gates of switch elements 1 6 of respective signal 
current generating circuits 21 are connected commonly 
to control line 30. If switch element 1 6 is turned on, then 
a signal current (n + 1) x l in flows through signal line 3, 
and if switch element 1 6 is turned off, then the signal 
current l in flows through signal line 3. A control circuit, 
not shown, outputs a control signal for making switch 
elements 16 conductive in an accelerated period (de- 
scribed later on) to control line 30. 
[0039] Each of control signal generating circuits 22 
comprises signal driver 25 for outputting a control signal 
to be supplied to switch elements 8 through 10 of the 
drive circuit in the corresponding row, and signal driver 
26 for outputting a control signal to be supplied to switch 
element 13 of the drive circuit in the corresponding row. 
Control lines 31 , 32 are provided in the rows of the image 
display apparatus. Control line 31 is connected to an 
end of signal driver 25 for supplying a control signal from 
signal driver 25 to the gates of switch elements 8 
through 10 in the form of MOS FETs in the correspond- 
ing row. Similarly, control line 32 is connected to an end 
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of signal driver 26 for supplying a control signal from 
signal driver 26 to the gates of switch element 1 3 in the 
corresponding row. Therefore, control lines 31, 32 ex- 
tend in the direction (horizontal direction in FIG. 5) of 
the rows. The other ends of signal drivers 25, 26 are 5 
connected to ground line 2. Signal driver 25 generates 
a control signal for rendering switch elements 8, 9 con- 
ductive and switch element 1 0 nonconductive in the cor- 
responding row in a selected period for the row. Signal 
driver 26 generates a control signal for rendering switch 
element 13 conductive in the corresponding row in an 
accelerated period for the row. 
[0040] In the active matrix image display apparatus 
comprising a matrix of current-driven devices and drive 
circuits, equivalent parasitic capacitor 4 is formed be- 
tween signal line 3 and power supply line 1, and equiv- 
alent parasitic capacitor 5 is formed between signal line 

3 and ground line 2 because of structural features of the 
drive circuits and the image display apparatus, as with 
the circuit arrangement shown in FIG. 1 . 
[0041] Operation of the drive circuit shown in FIG. 4 
will be described below. The drive circuit shown in FIG. 

4 is usually incorporated in the image display apparatus 
shown in FIG. 5. Consequently, operation of the drive 
circuit as incorporated in the image display apparatus 
shown in FIG. 5 will be described below. 
[0042] Each of control signal generating circuits 22 is 
controlled by a non-illustrated control circuit, and out- 
puts control signals to control lines 31 , 32 to sequentially 
select the rows in the image display apparatus. A period 
in which a row is selected by control signals in the image 
display apparatus is referred to as a selected period, 
and a period in which a row is not selected by control 
signals in the image display apparatus is referred to as 
an unselected period. 

[0043] Since the rows in the image display apparatus 
are sequentially selected, a selected period for a certain 
row periodically occurs, and if the number of the rows 
in the image display apparatus is indicated by N, then 
the proportion of the selected period in one cycle is 
about 1/N. During the selected period of a certain row, 
signal current generating circuit 21 connected to one 
end of signal line 3 in each column generates a signal 
current l jn corresponding to a drive current l drv to flow 
into current-driven device 11 in the row at the column, 
and the generated current l jn flows through signal line 
3. As a result, corresponding signal currents l in flow into 
drive transistors 7 of the respective drive circuits in the 
selected row and voltages corresponding to the signal 
currents are held in holding capacitors 6. When these 
drive circuits are unselected because the control signals 
select a next row of drive circuits, the drive circuits keep 
driving respective current-driven devices 11 with the 
same drive currents l drv as the signal currents lj n based 
on the voltage held by holding capacitors 6 until the drive 
circuits selected again. 

[0044] With the circuit according to the present em- 
bodiment, in a certain time zone in the leading end of 



the selected period, a current flows also into auxiliary 
transistors 12, and a current (1 + n)xl jn is supplied to 
signal lines 3 to charge and discharge quickly parasitic 
capacitors 4, 5 associated with signal lines 3. Therefore, 
until the end of the selected period, the drain current 
from drive transistors 7 reaches the signal current l in , 
and the gate-to-drain potential of drive transistors 7 also 
reaches a value corresponding to a drain current equal 
to the signal current l in . 

[0045] Details of the above operation of the drive cir- 
cuits will be described below with reference to FIG. 6 
which is a timing chart of operation of the drive circuits. 
[0046] When a certain row of drive circuits enters a 
selected period, switch elements 8, 9 which are p-chan- 
nel MOS FETs are rendered conductive (i.e., ON state) 
and switch element 10 which is an n-channel MOS FET 
is rendered nonconductive (i.e., OFF state) in the drive 
circuits in the selected row in the selected period by a 
control signal supplied from control signal generating 
circuit 22 through control line 31. Switch elements 13, 
16 remain nonconductive. Since only current sources 
23 in signal current generating circuits 21 are connected 
to signal lines 3, signal currents l in for the selected row 
flow through signal lines 3. 

[0047] In the example shown in FIG. 6, a certain short- 
er period in the leading end of the selected period serves 
a reset period, and during the reset period, the potential 
of signal line 3 is held at the power supply potential, for 
example, causing parasitic capacitor 4 and holding ca- 
pacitor 6 to be charged and parasitic capacitor 5 to be 
discharged smoothly after elapse of the reset period. 
The reset period may be dispensed with if the gate-to- 
source voltage of drive transistor 7 may be set to a value 
depending on the signal current l jn quickly by passing 
the signal current \ m through signal line 3 in view of the 
charging of parasitic capacitor 4 and holding capacitor 
6 and the discharging of parasitic capacitor 5. No signal 
current may flow through signal line 3 during the reset 
period. 

[0048] Following the elapse of the reset period, switch 
elements 1 3, 1 6 are rendered conductive for a given pe- 
riod which is referred to as an accelerated period. As a 
result of switch element 16 being rendered conductive, 
a current also flows through current source 14 in signal 
current generating circuit 21, and a current (n + 1)xl jn , 
i.e., a current which is (n + 1 ) times a current to flow into 
current-driven element 11, flows through signal line 3. 
Since switch element 13 is also rendered conductive, 
the current (n + 1)xl ln is divided to flow through drive 
transistor 7 and auxiliary transistor 12. Because of the 
above-described different characteristics of drive tran- 
sistor 7 and auxiliary transistor 1 2, a drain current which 
is n times the drain current flowing through drive tran- 
sistor 7 flows through drive transistor 12. 
[0049] A comparison between the drive circuit accord- 
ing to the present embodiment and the conventional 
drive circuit shown in FIG. 1 will be described below. 
During the accelerated period, the current flowing 



15 



20 



25 



30 



35 



40 



45 



50 



7 



13 



EP 1 291 839 A2 



14 



through signal line 3 is (n + 1) times the current flowing 
through signal line 3 in the conventional drive circuit, and 
parasitic capacitor 4 and holding capacitor 6 are 
charged and parasitic capacitor 5 is discharged quickly 
due to the signal current which is (n + 1 ) times the signal 
current in the conventional drive circuit. Consequently, 
the drain current of drive transistor 7 rapidly approaches 
signal current l jn , and the drain current of auxiliary tran- 
sistor 12 approaches nxl in . The gate potentials of drive 
transistor 7 and auxiliary transistor 12 are sufficiently 
close to a potential which is generated when the signal 
current l jn flows between the source and drain of drive 
transistor 7. The differential potential between this po- 
tential and a potential generated when the signal current 
l ln flows through drive transistor 7 is caused by a poten- 
tial generated because the charging and discharging of 
the above capacitors is not fully finished and an error of 
the ratio n between the current flowing through drive 
transistor 7 and the current flowing through drive tran- 
sistor 12. 

[0050] The accelerated period is finished earlier than 
the selected period. If the value of n is sufficiently large, 
then the charging of parasitic capacitor 4 and holding 
capacitor 6 and the discharging of parasitic capacitor 5 
are completed at the end of the accelerated period even 
if the value of the signal current l jn is small, and the 
above differential potential is primarily caused by the er- 
ror of the ratio n between the current flowing through 
drive transistor 7 and the current flowing through drive 
transistor 12. At this time, the differential potential is of 
at most a small value ranging from several tens millivolts 
to several hundreds millivolts. 
[0051] At the same time that the accelerated period is 
finished, both switch elements 13, 16 are turned off. As 
a consequence, the current flowing through signal line 
3 becomes l in , and no current flows through auxiliary 
transistor 12. Inasmuch as the differential potential is of 
a small value ranging from several tens milivolts to sev- 
eral hundreds millivolts at the end of the accelerated pe- 
riod, as described above, it is possible to cancel out the 
differential potential simply by passing the signal current 
l jn through signal line 3 during the remainder of the se- 
lected period after the accelerated period. The gate po- 
tential of drive transistor 7 has a value corresponding to 
the signal current l in until the end of the selected period. 
[0052] The length of the accelerated period may be 
set to an appropriate value, and may, for example, be 
set to a length which is about 10 to 50 % of the length 
of the selected period. 

[0053] Operation of the drive circuits in the unselected 
period will be described below. 
[0054] At the time when the selected period changes 
to the unselected period, switch elements 8, 9 are ren- 
dered nonconductive and switch element 1 0 is rendered 
conductive. Since switch elements 8, 9 are rendered 
nonconductive, the gate potential of drive transistor 7 
which has previously been determined in the selected 
period is held by holding capacitor 6. Therefore, in the 



unselected period in which switch elements 8, 9, 13 are 
held nonconductive and switch element 10 is held con- 
ductive, drive transistor 7 continuously supplies a cur- 
rent corresponding to the gate potential held by holding 
5 capacitor 6, i.e., a current equal to the signal current l in , 
as the drive current l drv to current-driven device 11 . 
[0055] FIG. 7 is a characteristic diagram showing the 
relationship between the gate-to-source potential and 
the drain current (i.e., source-to-drain current) of drive 
transistor 7 and auxiliary transistor 1 2 in the present em- 
bodiment. It can be seen from FIG. 7 that when a gate- 
to-source voltage such that the drain current of drive 
transistor 7 is l-j is applied to auxiliary transistor 12, the 
drain current of auxiliary transistor 12 is nxl-,, and sim- 
ilarly when a gate-to-source voltage such that the drain 
current of drive transistor 7 is l 2 (l-i > l 2 ) is applied to 
auxiliary transistor 1 2, the drain current of auxiliary tran- 
sistor 12 is nxl 2 . 

[0056] The leading portion of the selected period (ex- 
cept for the reset period), typically a front half of the se- 
lected period, is used as an accelerated period. During 
the accelerated period, the current flowing through sig- 
nal line 3 is made (n + 1) times original signal current 
l in , and the auxiliary transistor which has a driving capa- 
bility n times that of drive transistor 7 is rendered con- 
ductive during the accelerated period. Thus, the charg- 
ing of parasitic capacitor 4 and holding capacitor 6 and 
the discharging of parasitic capacitor 5 progress rapidly, 
and the gate potential of drive transistor 7 reaches the 
original value earlier than with the conventional circuit 
even if the signal current l in is small. Therefore, current- 
driven device 11 is energized with an intended drive cur- 
rent. The original. value of the gate potential is a value 
corresponding to the gate-to-source potential corre- 
sponding to the signal current l in . Therefore, the display 
image is prevented from being deteriorated and the lu- 
minance controllability is prevented from being lowered 
due to the inconsistency between the drive current l drv 
and the signal current l in . 

[0057] FIG. 8 is a graph showing the relationship be- 
tween the signal current (input signal) l in and the drive 
current l drv in the present drive circuit. If current-driven 
device 11 comprises an organic EL element, then the 
drive current l drv in the graph shown in FIG. 8 may di- 
rectly be replaced with a luminance. A comparison be- 
tween the graph shown in FIG. 8 and the graph (see 
FIG. 3) which shows the relationship between the signal 
current l in and the drive current l drv in the conventional 
circuit indicates that the drive circuit according to the 
present embodiment keeps the signal current l in and the 
drive current l drv linearly related to each other even in a 
region where the signal current l ln is small. 
[0058] Modifications of the circuit according to the 
present embodiment will be described below. 
[0059] In the above drive circuit, when the selected 
period changes to the unselected period, switch ele- 
ment 8 and switch element 9 are simultaneously ren- 
dered nonconductive. However, in order to hold the gate 
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potential more reliably with holding capacitor 6, switch 
element 9 may be rendered nonconductive before the 
selected period changes to the unselected period. FIG. 
9 is a circuit diagram of an image display apparatus 
which includes such drive circuits, and FIG. 10 is a tim- 
ing chart of operation of the circuit shown in FIG. 9. 
[0060] The circuit shown in FIG. 9 is a modification of 
the circuit shown in FIGS. 4 and 5 in that signal driver 
27 is added to each control signal generating circuit 21 
and supplies a control signal to the gates of switch ele- 
ments 9 in the drive circuits in the corresponding row 
through control line 33. Only the gates of signal lines 8, 
9 are connected to control line 32. Signal driver 27 gen- 
erates such a control signal that switch element 9 is 
changed from the nonconductive state to the conductive 
state at the same time that the unselected period chang- 
es to the selected period, and after the accelerated pe- 
riod is finished, as shown in FIG. 10, switch element 9 
is changed from the conductive state to the nonconduc- 
tive'state slightly before the selected period changes to 
the unselected period. With this arrangement, holding 
capacitor 6 can reliably be disconnected from signal line 
3 before the unselected period is reached, making it 
possible to hold the gate potential with holding capacitor 
6 reliably until the unselected period is finished. Switch 
element 9 may be rendered nonconductive anytime af- 
ter the gate potential of drive transistor 7 drops to the 
gate-to-source voltage at which a drain current in con- 
formity with the signal current l in is generated. 
[0061] FIG. 11 shows another modification of the drive 
circuit according to the first embodiment. In the above 
circuit, if current-driven device 11 comprises an organic 
EL element, then the organic EL element is used in a 
common cathode configuration, and p-channel MOS 
FETs are used as drive transistor 7 and auxiliary tran- 
sistor 12. In the circuit shown in FIG. 11, an organic EL 
element is used in a common anode configuration, i.e., 
the anode of an organic EL element used as current- 
driven device 11 is connected directly to power supply 
line 1 , and drive transistor 7 and auxiliary transistor 12, 
each comprising an n-channel MOS FET, are associat- 
ed with the cathode of the organic EL element. Specifi- 
cally, the layout of the components is reversed between 
power supply line 1 and ground line 2, and the conduc- 
tivity type of drive transistor 7 and auxiliary transistor 1 2 
is also reversed. With this arrangement, the signal cur- 
rent l jn flows from signal line 3 through switch element 
8 and drive transistor 7 into ground line 2. If switch ele- 
ments 8 through 10, 13 comprise MOS FETs, then their 
conductivity type should preferably be a reversal of the 
conductivity type in the circuit shown in FIGS. 4 and 5. 
[0062] Operation of the circuit shown in FIG. 11 is sim- 
ilar to operation of the circuit shown in FIG. 4 except that 
the polarity is reversed. 

[0063] A second embodiment of the present invention 
will be described below. FIG. 12 shows a circuit arrange- 
ment of a drive circuit according to the second embod- 
iment, and FIG. 13 shows an image display apparatus 



which comprises a matrix of current-driven devices 11 
each associated with the drive circuit shown in FIG. 12. 
Those parts shown in FIGs. 12 and 13 which are iden- 
tical to those shown in FIGs. 4 and 5 are denoted by 
5 identical reference characters. 

[0064] The circuit shown in FIGs. 12 and 13 differs 
from the circuit shown in FIGs. 4 and 5 in that there is 
added switch element 14 for setting the potential of sig- 
nal line 3 forcibly to the potential of power supply line 1 
in the reset period. Switch element 14 is associated with 
each signal line 3, so that the drive circuits in the same 
column share one switch element 14. As shown in FIG. 
13, switch element 14 comprises a p-channel MOS FET 
having a source connected to power supply line 1 and 
a drain connected to signal line 3. The gates of switch 
elements 1 4 are connected commonly to control line 34. 
A control circuit, not shown, outputs a control signal for 
rendering switch elements 14 conductive during the re- 
set period to control line 34. 

[0065] FIG. 1 4 is a timing chart of operation of the cir- 
cuit shown in FIGs. 12 and 13. As can be seen from the 
timing chart, during the reset period, switch element 14 
is rendered conductive (i.e., ON state) to set the poten- 
tial of signal line 3 to the potential of power supply line 
1 , and also to set the gate potential of drive transistor 7 
and auxiliary transistor 12 to the potential of power sup- 
ply line 1 . After the reset period is finished, a current (n 
+ 1)xl in flows through signal line 3 to ground line 2, 
charging parasitic capacitor 4 and holding capacitor 6 
and discharging parasitic capacitor 5. Therefore, the 
gate potential of drive transistor 7 and auxiliary transis- 
tor 12 drop from the potential of power supply line 1 sub- 
stantially to a potential corresponding to signal current 
l jn . Other details of operation of the circuit shown in 
FIGs. 12 and 13 are the same as those shown in the 
timing chart of FIG. 6. 

[0066] Drive circuits handled by the present invention 
are arranged such that a signal current flows from the 
drive circuit to ground line 2. Therefore, if the gate po- 
tential of drive transistor 7 is lower than the potential cor- 
responding to the signal current l in during the selected 
period, then it is expected that it takes a considerable 
time until the gate potential rises to the potential corre- 
sponding to the signal current l in . According to the 
present embodiment, the gate potential of drive transis- 
tor 7 is pulled up to the potential of power supply line 1 
which is the highest potential in the circuit during the 
reset period, so that the gate potential can quickly reach 
the potential corresponding to the signal current l in . 
[0067] In the above circuit according to the second 
embodiment, as described with reference to FIGs. 9 and 
10 for the first embodiment, switch element 9 may be 
rendered nonconductive slightly before the selected pe- 
riod changes to the unselected period, thus reliably 
holding the gate potential with holding capacitor 6. FIG. 
15 is a circuit diagram of an image display apparatus 
having such drive circuits, and FIG. 16 is a timing chart 
of operation of the circuit shown in FIG. 15. 
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[0068] FIG. 17 shows another modification of the 
drive circuit according to the second embodiment. In the 
above circuit, if current-driven device 11 comprises an 
organic EL element, then the organic EL element is used 
in a common cathode configuration, and p-channel 
MOS FETs are used as drive transistor 7 and auxiliary 
transistor 12. In the circuit shown in FIG. 17, as with the 
circuit shown in FIG. 11 , an organic EL element is used 
in a common anode configuration, i.e., the anode of an 
organic EL element used as current-driven device 11 is 
connected directly to power supply line 1 , and drive tran- 
sistor 7 and auxiliary transistor 12, each comprising an 
n-channel MOS FET, are associated with the cathode 
of the organic EL element. If MOS FETs are used as 
switch elements 8 through 10, 13 and so on, then the 
conductivity type thereof should preferably be a reversal 
of the conductivity type in the circuit shown in FIGS. 12 
and 13. Switch element 14 connects signal line 3 to 
ground line 2 in the reset period, setting the gate poten- 
tial of drive transistor 7 and auxiliary transistor 1 2 to the 
ground potential. Operation of the circuit shown in FIG. 
17 is similar to operation of the circuit shown in FIG. 12 
except that the polarity is reversed. 
[0069] A third embodiment of the present invention 
will be described below. FIG. 1 8 shows a circuit arrange- 
ment of a drive circuit according to the third embodi- 
ment, and FIG. 19 shows an image display apparatus 
which comprises a matrix of current-driven devices 11 
each associated with the drive circuit shown in FIG. 18. 
Those parts shown in FIGs. 18 and 19 which are iden- 
tical to those shown in FIGs. 12 and 13 are denoted by 
identical reference characters. 
[0070] The circuit according to the third embodiment 
differs from the circuit according to the second embod- 
iment in that it has voltage line 1 5 having a potential low- 
er than the potential of power supply line 1 , and switch 
element 14 connects voltage line 1 5 and signal line 3 to 
each other in the reset period, equalizing the gate po- 
tential of drive transistor 7 and auxiliary transistor 12 to 
the potential of voltage line 15. 
[0071] The potential of voltage line 15 is selected to 
be equal to or greater than V cc - V thmjn in view of char- 
acteristic variations of drive transistor 7 and auxiliary 
transistor 12, V thmjn representing a minimum threshold 
voltage of these transistors and the potential of pow- 
er supply line 1 . Specifically, the potential of voltage line 
15 is selected to be equal to or greater than the gate 
potential corresponding to a conceivable minimum val- 
ue of the signal current l in . 

[0072] In the circuit according to the second embodi- 
ment, the gate potential of drive transistor 7 and auxiliary 
transistor 12 is set to the potential V cc of power supply 
line 1 by switch element 14 during the reset period. In 
the circuit according to the third embodiment, the gate 
potential of drive transistor 7 and auxiliary transistor 12 
is set to the potential of voltage line 15 which is lower 
than the potential of power supply line 1 . As a result, 
according to the third embodiment, an amount of charg- 



es for charging parasitic capacitor 4 and holding capac- 
itor 6 and discharging parasitic capacitor 5 may be re- 
duced by an amount corresponding to the difference be- 
tween the potential of power supply line 1 and the po- 
5 tential of voltage line 15. As a consequence, it is possi- 
ble to make shorter the time required for the gate poten- 
tial of drive transistor 7 and auxiliary transistor 12 to 
reach a potential at which the drain current of drive tran- 
sistor 7 becomes the signal current l jn , than with the cir- 
10 cuit according to the second embodiment. This means 
that the reset period and the selected period can be 
shortened, and the frame rate of the image display ap- 
paratus based on the matrix operation can be increased. 
[0073] FIG. 20 is a timing chart of operation of the cir- 
cuit according to the third embodiment. 
[0074] In the above circuit according to the third em- 
bodiment, as described with reference to FIGS. 9 and 
10 for the first embodiment, switch element 9 may be 
rendered nonconductive slightly before the selected pe- 
riod changes to the unselected period, thus reliably 
holding the gate potential with holding capacitor 6. FIG. 
21 is a circuit diagram of an image display apparatus 
having such drive circuits, and FIG. 22 is a timing chart 
of operation of the circuit shown in FIG. 21 . 
[0075] FIG. 23 shows another modification of the 
drive circuit according to the third embodiment. In the 
above circuit, if current-driven device 11 comprises an 
organic EL element, then the organic EL element is used 
in a common cathode configuration, and p-channel 
MOS FETs are used as drive transistor 7 and auxiliary 
transistor 12. In the circuit shown in FIG. 23, as with the 
circuit shown in FIG. 11 , an organic EL element is used 
in a common anode configuration, i.e., the anode of an 
organic EL element used as current-driven device 11 is 
connected directly to power supply line 1 , and drive tran- 
sistor 7 and auxiliary transistor 12, each comprising an 
n-channel MOS FET, are associated with the cathode 
of the organic EL element. If MOS FETs are used as 
switch elements 8 through 10, 13 and so on, then the 
conductivity type thereof should preferably be a reversal 
of the conductivity type in the circuit shown in FIGs. 18 
and 19. A potential slightly higher than the potential of 
ground line 2 is applied to voltage line 15. Specifically, 
the potential of voltage line 15 is selected to be equal to 
or smaller than V thmin in view of characteristic variations 
of drive transistor 7 and auxiliary transistor 12, V thmin 
representing a minimum threshold voltage of these tran- 
sistors. Switch element 1 4 connects signal line 3 to volt- 
age line 15 in the reset period, setting the gate potential 
of drive transistor 7 and auxiliary transistor 12 to a volt- 
age slightly higher than the ground potential. Operation 
of the circuit shown in FIG. 23 is similar to operation of 
the circuit shown in FIG. 18 except that the polarity is 
reversed. 

[0076] While drive transistor 7 and auxiliary transistor 
12 have been described as MOS FETs preferably pro- 
vided as thin-film transistors in the above preferred em- 
bodiments, the present invention is not limited to those 
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transistors. Instead, drive transistor 7 and auxiliary tran- 
sistor 1 2 may comprise insulated-gate transistors of the 
same conductivity type. In an application to image dis- 
play apparatus, drive transistor 7 and auxiliary transistor 
12 should preferably comprise thin-film transistors. 
While each switch element has been described as a 
MOS FET, the present invention is not limited to such a 
MOS FET, but may employ any of switch elements of 
other types such as a transfer gate. 
[0077] While preferred embodiments of the present 
invention have been described in specific terms, such 
description is for illustrative purposes only, and it is to 
be understood that changes and variations may be 
made without departing from the spirit or scope of the 
following claims. 



Claims 

1. A drive circuit for driving a current-driven device, 
comprising: 

a signal line for passing therethrough a signal 
current corresponding to a drive current of the 
current-driven device; 

a drive transistor having a gate, a drain, and a 
source connected to a power supply line; 
a holding capacitor connected between said 
power supply line and the gate of said drive 
transistor; 

a first switch element for connecting said signal 
line and the drain of said drive transistor to each 
other; 

a second switch element for connecting the 
gate and drain of said drive transistor to each 
other; 

a third switch element for connecting the drain 
of said drive transistor and an end of said cur- 
rent-driven device to each other; 
an auxiliary transistor having a gate connected 
to the gate of said drive transistor, a source con- 
nected to the source of said drive transistor, 
and a drain connected to the drain of said drive 
transistor; and 

a fourth switch element for turning on and off a 
source-to-drain current of said auxiliary transis- 
tor. 

2. The drive circuit according to claim 1 , wherein said 
fourth switch element is inserted between the drain 
of said drive transistor and the drain of said auxiliary 
transistor. 

3. The drive circuit according to claim 1 , further com- 
prising: 

a fifth switch element connecting said power 
supply line and said signal line to each other. 



4. The drive circuit according to claim 1 , further com- 
prising: 

a voltage line to which a predetermined voltage 
5 is applicable; and 

a fifth switch element connecting said voltage 
line and said signal line to each other; 
said predetermined voltage as seen from a 
ground potential having an absolute value 
10 smaller than the absolute value of the voltage 

of said power supply line. 

5. The drive circuit according to claim 1 , wherein said 
auxiliary transistor has a current driving capability 

15 which is n times the current driving capability of said 
drive transistor, further comprising: 

a first current source connected to said signal 
line for generating the signal current; 
20 a second current source for generating a cur- 

rent which is n times the signal current gener- 
ated by said first current source; and 
a signal line switch element connecting said 
second current source to said signal line. 

25 

6. The drive circuit according to claim 1 , wherein said 
drive transistor and said auxiliary transistor com- 
prise thin-film transistors of identical conductivity 
type having respective insulated gates. 

30 

7. The drive circuit according to claim 1 , wherein each 
of said first, second, third and fourth switch element 
comprises a MOS field-effect transistor. 

35 8. A drive circuit according to claim 1, wherein said 
current-driven device comprises an organic EL el- 
ement. 

9. A method of driving a current-driven device, com- 
prising the steps of: 

providing a drive circuit according to claim 1 ; 
alternately establishing a selected period in 
which said current-driven device is selected 
45 and a signal current for the current-driven de- 

vice is passed through said signal line, and an 
unselected period in which said current-driven 
device is not selected; 

keeping said first, second, and fourth switch el- 
50 ement nonconductive and keeping said third 

switch element conductive in said unselected 
period; 

rendering said first and second switch elements 
conductive and rendering said third switch ele- 
55 ment nonconductive when said unselected pe- 

riod changes to said selected period; 
establishing an accelerated period in said se- 
lected period, and rendering said fourth switch 
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element conductive and making the magnitude 
of the signal current flowing through said signal 
line (n + 1) times a normal value in said accel- 
erated period where n represents the ratio of a 
current driving capability of said auxiliary tran- 5 
sistorto a current driving capability of said drive 
transistor; and 

holding said fourth switch element nonconduc- 
tive and returning the magnitude of said signal 
current to the normal value after said acceler- 10 
ated period is finished until said selected period 
is finished. 

10. The method according to claim 9, wherein said sec- 
ond switch element is rendered nonconductive after is 
said accelerated period is finished and before said 
selected period is finished. 

11. The method according to claim 9, wherein said cur- 
rent-driven device comprises an organic EL ele- 20 
ment. 

12. A method of driving a current-driven device, com- 
prising the steps of: 

25 

providing a drive circuit according to claim 3; 
alternately establishing a selected period in 
which said current-driven device is selected 
and a signal current for the current-driven de- 
vice is passed through said signal line, and an 30 
unselected period in which said current-driven 
device is not selected; 

keeping said first, second, and fourth switch el- 
ement nonconductive and keeping said third 
switch element conductive in said unselected 35 
period; 

rendering said first and second switch elements 
conductive and rendering said third switch ele- 
ment nonconductive when said unselected pe- 
riod changes to said selected period; 40 
rendering said fifth switch element conductive 
during a reset period which is a predetermined 
period from the time when said unselected pe- 
riod changes to said selected period; 
establishing an accelerated period following 45 
elapse of said reset period in said selected pe- 
riod, and rendering said fourth switch element 
conductive and making the magnitude of the 
signal current flowing through said signal line 
(n + 1 ) times a normal value in said accelerated 50 
period where n represents the ratio of a current 
driving capability of said auxiliary transistor to 
a current driving capability of said drive transis- 
tor; 

holding said fourth switch element nonconduc- 55 
tive and returning the magnitude of said signal 
current to the normal value after said acceler- 
ated period is finished until said selected period 



is finished; and 

keeping said fifth switch element nonconduc- 
tive during a period other than said reset period 
in said selected period. 

13. The method according to claim 12, wherein said 
second switch element is rendered nonconductive 
after said accelerated period is finished and before 
said selected period is finished. 

14. The method according to claim 12, wherein said 
current-driven device comprises an organic EL el- 
ement. 

15. An image display apparatus comprising: 

a matrix of light-emitting devices for emitting 
light when driven by a current, said light-emit- 
ting devices being associated with respective 
pixels; 

a plurality of signal lines provided in respective 
columns of said pixels for supplying signal cur- 
rents corresponding to drive currents for the 
light-emitting devices associated with selected 
ones of said pixels; and 
a plurality of control lines provided in respective 
rows of said pixels for transmitting control sig- 
nals; 

each of said pixels comprising: 

a drive transistor having a gate, a drain, 
and a source connected to a power supply 
line; 

a holding capacitor connected between 
said power supply line and the gate of said 
drive transistor; 

a first switch element for connecting said 
signal line and the drain of said drive tran- 
sistor to-each other depending on said 
control signal; 

a second switch element for connecting the 
gate and drain of said drive transistor to 
each other depending on said control sig- 
nal; 

a third switch element connecting the drain 
of said drive transistor and an end of said 
light-emitting device to each other depend- 
ing on said control signal; 
an auxiliary transistor having a gate con- 
nected to the gate of said drive transistor, 
a source connected to the source of said 
drive transistor, and a drain connected to 
the drain of said drive transistor; and 
a fourth switch element for turning on and 
off a source-to-drain current of said auxil- 
iary transistor depending on said control 
signal. 
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16. The image display apparatus according to claim 15, 
which is driven by: 

alternately establishing a selected period in 
which a row of pixels is selected and a signal 
current for light-emitting devices belonging to 
the selected row is passed through said signal 
line, and an unselected period in which said row 
is not selected; 

keeping said first, second, and fourth switch el- 
ement nonconductive and keeping said third 
switch element conductive in said unselected 
period; 

rendering said first and second switch elements 
conductive and rendering said third switch ele- 
ment nonconductive when said unselected pe- 
riod changes to said selected period; 
establishing an accelerated period in said se- 
lected period, and rendering said fourth switch 
element conductive and making the magnitude 
of the signal current flowing through said signal 
line (n + 1) times a normal value in said accel- 
erated period where n represents the ratio of a 
current driving capability of said auxiliary tran- 
sistor to a current driving capability of said drive 
transistor; and 

holding said fourth switch element nonconduc- 
tive and returning the magnitude of said signal 
current to the normal value after said acceler- 
ated period is finished until said selected period 
is finished. 

17. The image display apparatus according to claim 16, 
wherein said second switch element is rendered 
nonconductive after said accelerated period is fin- 
ished and before said selected period is finished. 

1 8. The image display apparatus according to claim 1 5, 
wherein said current-driven device comprises an 
organic EL element. 

19. An image display apparatus comprising: 

a matrix of light-emitting devices for emitting 
light when driven by a current, said light-emit- 
ting devices being associated with respective 
pixels; 

a plurality of signal line provided in respective 
columns of said pixels for supplying signal cur- 
rents corresponding to drive currents for the 
light-emitting devices associated with selected 
ones of said pixels; and 
a plurality of control lines provided in respective 
rows of said pixels for transmitting control sig- 
nals; 

each of said pixels comprising: 

a drive transistor having a gate, a drain, 



and a source connected to a power supply 
line; 

a holding capacitor connected between 
said power supply line and the gate of said 
5 drive transistor; 

a first switch element for connecting said 
signal line and the drain of said drive tran- 
sistor to each other depending on said con- 
trol signal; 

10 a second switch element for connecting the 

gate and drain of said drive transistor to 
each other depending on said control sig- 
nal; 

a third switch element connecting the drain 
15 of said drive transistor and an end of said 

light-emitting device to each other depend- 
ing on said control signal; 
an auxiliary transistor having a gate con- 
nected to the gate of said drive transistor, 
20 a source connected to the source of said 

drive transistor, and a drain connected to 
the drain of said drive transistor; and 
a fourth switch element for turning on and 
off a source-to-drain current of said auxil- 
25 iary transistor depending on said control 

signal; 

said image display apparatus further com- 
prising: 

30 a fifth switch element associated with 

each of said signal lines, for connect- 
ing the signal line to a predetermined 
potential. 

35 20. The image display apparatus according to claim 1 9, 
which is driven by: 

alternately establishing a selected period in 
which a row of pixels is selected and a signal 
40 current for light-emitting devices belonging to 

the selected row is passed through said signal 
line, and an unselected period in which said row 
is not selected; 

keeping said first, second, and fourth switch el- 
45 ement nonconductive and keeping said third 

switch element conductive in said unselected 
period; 

rendering said first and second switch elements 
conductive and rendering said third switch ele- 
50 ment nonconductive when said unselected pe- 

riod changes to said selected period; 
rendering said fifth switch element conductive 
during a reset period which comprises a prede- 
termined period from the time when said unse- 
55 lected period changes to said selected period; 

rendering said fourth switch element conduc- 
tive and making the magnitude of the signal cur- 
rent flowing through said signal line (n + 1) 
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times a normal value in an accelerated period 
which is established following elapse of said re- 
set period in said selected period where n rep- 
resents the ratio of a current driving capability 
of said auxiliary transistor to a current driving 5 
capability of said drive transistor; 
holding said fourth switch element nonconduc- 
tive and returning the magnitude of said signal 
current to the normal value after said acceler- 
ated period is finished until said selected period 10 
is finished; and 

keeping said fifth switch element nonconduc- 
tive during a period other than said reset period 
in said selected period. 

15 

21 . The image display apparatus according to claim 20, 
wherein said second switch element is rendered 
nonconductive after said accelerated period is fin- 
ished and before said selected period is finished. 

20 

22. The image display apparatus according to claim 1 9, 
wherein said current-driven device comprises an 
organic EL element. 
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